Abstract: It is shown that the main n-T dependent terms of the Coulomb energy have the same general form in the Wigner supermultiplet scheme as in the low seniority limit of the j-j coupling scheme of the shell model.
L Introduction
As a result of the extensive work on isobaric analogue states, there has been renewed interest in the study of Coulomb displacement energies. Despite the simplicity of the Coulomb interaction, some of the recent analyses 1,1) have been based on the Coulomb energy formula of Carlson and Talmi 3,4) derived for proton configurations and applied to configurations of both protons and neutrons under the assumption that the seniority of the protons is a good quantum number (rather than isospin). This approach has been quite successful since the Coulomb energy shows only a weak dependence on total nucleon number and isospin. Although the n-T dependence is weak, the accuracy of recent measurements of Coulomb displacement energies is such that the n-T dependent terms should be taken into account properly in the theoretical treatment. Moreover, they are the source of the interesting odd-even and oscillatory A-dependent effects which have been observed experimentally 5). Theoretical expressions for the n-T dependent factors of the Coulomb energy have recently been derived for states of low seniority (v < 2) and simple configurations of the shell model inj-j coupling 6, 7). Despite the simplicity of the assumptions, these expressions seem to be in remarkably good agreement with the experimental facts 8). This is surprising since the seniority scheme may be a very poor approximation in nuclei where both neutrons and protons are filling the same shell. It may therefore be interesting to examine the nature of the n-T dependent factors of the Coulomb energy for another limiting coupling scheme. The results of such a calculation are presented in this note for the Wigner supermultiplet scheme of a major oscillator shell. It is shown that the main n-T dependent factors of the Coulomb energy have a form identical with that found in the seniority scheme in states in which the Wigner supermultiplet quantum numbers, total spin S and isospin T are assumed to be good quantum numbers.
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Results and discussion
The Coulomb interaction between nucleons, when classified according to its irreducible tensor character in isospin space, can be written as
i<j r U
In first-order perturbation theory, this leads to the three terms of the Coulomb energy formula
The present interest is in the n-T dependent terms of the isovector and isotensor co- ~ri.j by the two coefficients
where Vz is the average seniority-two matrix element 4, 6) . The contributions from the interaction of the nucleons in the configuration j" with the core are given by 4T(T + 1)
4S(S + 1)]
Wigner supermultiplet scheme

T ( T + 1)
~) The supermultiplets are identified by the U (4) The results are shown in table 1.
Since the Coulomb energies are very insensitive functions of the spatial quantum numbers in thej-j coupling scheme, a similar approximation can be expected to be good in other coupling schemes. In particular, by making such an approximation it is possible to calculate general algebraic expressions for the Coulomb energy in the Wigner supermultiplet scheme, exhibiting its dependence on n, T, S and the Wigner supermultiplet quantum numbers [f] [the notation is that of ref . 9)]. The derivations are based on recent calculations of SU(4) Wigner and Racah coefficients 10,1,) in general algebraic form. Such coefficients have been calculated for those irreducible representations of SU(4) for which the quantum numbers S and T are sufficient to specify completely the states of a given representation. Although this does not include all Wigner supermultiplets, it does include most of the cases of practical interest. In particular, the needed coefficients have been calculated for the SU (4) The n-T dependence of the isovector and isotensor coefficients of the Coulomb energy is almost identical to that found in the seniority scheme. For even nuclei, E °) shows a simple linear dependence on n. The additional terms found in odd nuclei and the n-T dependent phase of these terms are the source of the odd-even and oscillatory A-dependent effects which are observed experimentally 5). Since such terms are predicted for both the Wigner supermultiplet scheme and the low v limit of the seniority scheme, it is reasonable to assume that they have a much more general validity.
Derivation of the Wigner supermultiplet formulae
For the derivation, it is convenient to express the Coulomb interaction in terms of the projection operators Q,t introduced by Brink ~z). The operators Q~ are twobody operators which project out those parts of a two-nucleon state with relative motion in the state (nl) of a harmonic oscillator basis. In addition, the basic projection operators will be classified according to their irreducible tensor character under SU(4). It is convenient to define operators Q,t, tfo]SoTo with SU(4) tensor character [fo] and spin, isospin character So, T 0. Since the Coulomb interaction is spin independent, So = 0; while T O = 0, 1, 2 for the isoscalar, vector and tensor parts ofeq. (1) . Such operators can be expressed as
)( aft, MLMsMT "~ ) '6, MLMsMT " The n, I, ,/V', ~f .... dependent factors are Moshinsky-Brody brackets ~3). The harmonic oscillator quantum numbers n, l, ~A ~, ~f describe the relative and center-ofmass motion of the two-nucleon states. The operators d t are pair creation operators defined in terms of single-particle creation operators by 
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In terms of the operators Q.t, r.7olOTo, the Coulomb interaction can be expressed as
-x/gQ.,,t21,]ot + ~-Q.t, r4221oz , (11) where the notation for the double-barred matrix elements is that ofref. 13). To identify the irreducible tensor character of the spatial part of the interaction in each major harmonic oscillator shell, it is convenient to group the Q,~ in the following way: for the lp shell 
For each shell only the first two terms (in curly brackets) are completely invariant under all the symmetry transformations of the symmetry groups associated with the space part of the wave functions, ("full space scalars"). These are given by the operators ~Q,l summed over all possible values of nl with 2n+l = even integer or odd integer, respectively. They could also be identified with the operators n+ and n_, where n+ (or n_) counts the number of spatially symmetric (or antisymmetric) nucleon pairs within a major shell lz). The coefficients of n+ and n_ are the constants and/3 of eq. (6). The remaining terms have the SU(3) tensor character 14) indicated by the quantum numbers (2/~). In the 2s, ld shell there is one term which is an SU(3) scalar but has SU(6) tensor character [42222] , the third term of eq. (13) . Its eigenvalue 12) is given by ~{½n(n-6)+¼G}, where G is the SU(3) Casimir invariant. The various terms enclosed by curly brackets have matrix elements of comparable orders of magnitude. It can thus be seen from the coefficients of eqs. (12) and (13) that only the full space scalars make a significant contribution to the Coulomb energy. The remaining terms are smaller by an order of magnitude, and to a good approximation they can be neglected. The full space scalars have matrix elements which can depend only on nucleon number n and the symmetry quantum numbers [f] and through their SU(4) tensor character as exhibited in eq. (11) on the spin and isospin of a state. In the approximation in which only the full space scalars are retained, Coulomb energy matrix elements can be calculated in general algebraic form. The matrix element of a full space scalar can be expressed in the usual fractional parentage format 9), with only the spin-isospin part of the c.f.p, needed 9). In performing the fractional parentage sums, it is advantageous to recognize the relationship ~1,15)between the n to n-2 particle spin-isospin c.f.p, and the SU(4) Wigner coefficients needed for the coupling of SU (4) It is a pleasure to acknowledge many valuable and stimulating discussions with J. J/inecke.
? Since the magnitude of the n-T dependent terms is determined entirely by the coefficient c', it should be pointed out that this is of the same order of magnitude as the coefficients of the neglected SU(6) and SU(3) tensor terms of eqs. (12) and (13) . These tensor terms, however, cannot change the nature of the y, S, T dependent factors for the Coulomb energy. Even if these tensor terms cannot be neglected completely, the Wigner supermultiplet expressions of table 1 are exact if applied to the average Coulomb energies for all states of an SU(3) or SU(6) multiplet in the lp or 2s, ld shell, respectively.
